Background: Cervical carcinoma is gynecologic malignancy with conventional treatment modality but drug resistance interferes with current therapeutic methods. Therefore, identification of novel new modality with low toxicity has uniquely favorable strategy.
Background
Cervical carcinoma is one of major health disorder and leading cause of women cancer death with highest morbidity rate in worldwide [1] . There are several therapeutic modalities to fight cervical cancer but the current option is surgery followed by chemotherapy [2] . However one of the most complications to select method of treatment is poor prognosis and relapse of cancer, so as, majority of cervical cancer diagnosed in late stage of disease [3] . The scientific proof established most of patients respond to chemotherapy and cellular reductive surgery, more over radiosensitive features of cervical cancer appropriated radiation therapy as adjuvant against cervical cancer when salvage therapy lead to failure of first and second line chemotherapy [4] . Because combinational therapy has been provided prolonged progression free intervals and due to safe and effective properties of palliative radiotherapy, chemo radiotherapy can consider as another standard approach for treatment of relapses cervical cancer [5] .
Cisplatin and carboplatin based chemotherapy is popular drug regimen to enhance survival of cervical cancer patients, therefore, recognition of novel complementary treatments leads to achieve treatment process advancement [6] . A promising alternative to improve therapeutic efficacy of cervical malignancy is application of anti tumor natural products with advantages of low toxicity, recruitment of apoptosis and attenuation of modern therapies side effects [7] . Natural substances are appreciable substitution of synthetic chemicals with minimum toxicity that this property is crucial for human health care [8] . Apoptosis is a desirable cell death induced in cancer research to regulate cell cycle disturbance and control cell proliferation that characterized by morphological alterations including DNA fragmentation and membrane integrity [6] . Marine organisms offer valuable source of secondary metabolites which play essential role in prevenCopyright © 2016, Zahedan University of Medical Sciences. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited. tion of human disorders and present pharmacological potency applied in drug discovery [9] . Marine invertebrate particularly sea cucumbers belonging to echinoderm have provided impressive useful bioactive compounds such as vitamins, carbohydrates, saponin, sterols and ions with unique biomedical effects such as anti microbial, anti inflammatory, antioxidant, anti fungal and anti cancer activities and possess commercial value and consume as functional food and nutraceutical in traditional medicine [10] .
The anti-cancer activities of sea cucumber whole extract already have been studied [11] . It has also eligibility significant cytotoxic effect on human non-small lung carcinoma, leukemia and human colon adenocarcinoma cells. Nevertheless, there are no reports related with radiosensitive activity of sea cucumber extract.
Objectives
In addition the effect of sea cucumber whole extract and its radio sensitivity on HeLa cervical cancer has not been investigated yet. Therefore, the aim of this experiment was evaluation the anti-proliferative and apoptogenic effect of Persian Gulf sea cucumber extract enriched with glycosaminoglycans and steroids simultaneously with gamma radiation therapy as combinational therapy in a cervical cancer cells in vitro.
Materials and Methods

Chemicals
In this in vitro experimental study, HeLa human cervical cancer cells were purchased from NCBI (National Cell Bank of Iran). RPMI (Roswell Park Memorial Institute) 1640 Medium, FBS (Fetal Bovine Serum), trypsin-EDTA, and antibiotic (Penicillin-streptomycin) were obtained from Gibco-USA. MTT (3-[4, 5-dimethyl thiazol-2-yl]-2, 5-diphenyl tetrazolium bromide) was prepared from Applichem (USA). PI (propodium iodide) and acridine orange obtained from Sigma (USA). Specimens of the sea cucumber (Sc, Holothuria leucospilota) were obtained from Persian Gulf waters. Methanol, were purchased from Merck (Germany). All ethic aspects were considered.
Preparation of Sea Cucumber Whole Extract
The collected specimens of Holothuria leucospilota obtained from Qeshm Island washed and stored at -80°C. For extract construction, sea cucumber samples (about 20 g) dried, girded and soaked with 200 mL methanol. Then, the extract stirred for 3 day at room temperature, filtered through an 11 µm Whatman filter, concentrated under vacuum evaporator and stored in -20°C as sea cucumber extract.
Cell Culture
HeLa (Human epithelial cervical carcinoma) was purchased from Pasture institute of Tehran, Iran and were grown in RPMI medium supplemented with 10% FBS and 1% penicillin-streptomycin in humidified incubator containing 5% CO 2 at 37°C.
Cell Cytotoxicity Assay (MTT Assay)
Anti proliferative effect of the sea cucumber extract and gamma radiation against the cervical cancer cell line (HeLa) was investigated by 3-(4, 5-dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium bromide (MTT) assay. For designation of this in vitro experiment, we cultured cells in 2 plates overnight, then the cells of 2 plates, were exposed with different concentrations of the sea cucumber extract (0 to 100 µg/mL) for 24 hours. After desired time, one plate irradiated by 2 gray (Gy) of γ-rays. Then both of plates (irradiated and non-irradiated) incubated for 66 hours in Co 2 incubator. Then MTT solution (5 mg/mL in PBS or Phosphate Buffer Saline) was added to each well for 4 h. Finally MTT solution was discarded and100 µL of DMSO (DiMethyl Sulfoxide) was added to each well to resulting formazan was solubilized with DMSO (100 µL) and absorbance was measured at 560 nm in spectrophotometer (Epoch, USA).
Apoptotic Detection by Acridine Orange/Propodium Iodide (AO/PI) Staining
The cultured cells in 6 wells plate treated with defined concentration of sea cucumber methanol extract and gamma irradiation for desired times, then harvested and stained with 10 µL (100 µg/mL acridine orange and 100 µg/mL propodium iodide mixture) to analysis by fluorescence microscopy.
Flow Cytometry Analysis by Propodium Iodide
To determine the apoptotic effect of sea cucumber methanol extract and gamma irradiation, flow cytometry analysis were examined by propodium iodide to investigate DNA fragmentation. Briefly, after treatment, the cells were washed with PBS and resuspended with propodium iodide (PI; Sigma) containing 0.1% sodium citrate plus 0.1% Triton X100 at 37°C for 30 min and then placed at 4°C in the dark for 10 minutes and the sub-G1 peak was evaluated using a FACScan laser flow cytometer (FACSCalibur, Becton Dickinson, USA).
Statistical Analysis
All results were repeated at least triplicate and expressed as mean ± SEM. The statistical significance was evaluated by SPSS-16 software, independent t-test analysis. 
Results
Effect of Combination Therapy of Radiation Therapy and Sea Cucumber Methanol Extract on Cell Proliferation of HeLa Cells
HeLa cells were exposed with different concentrations of sea cucumber extract (0 -100 µg/mL) for 24 hours. Then irradiation 2 Gy γ-rays was performed and then incubated for 66 hours. The results indicated sea cucumber extract could attenuate cell growth in cervical carcinoma cells as a dose dependent manner and sensitize HeLa cells to radiation-induced cytotoxicity (Figure 1 ). hours, then were exposed to 2 Gy γ-rays. *P < 0.05, **P < 0.01, ***P < 0.001, mean ± SEM.
Simultaneously effect of gamma radiation and sea cucumber methanol extract induced apoptosis cervical cell death: The apoptosis cell death was measured with flow cytometry histogram of PI and acridine orange staining. Sea cucumber extract (0 -100 µg/mL) increased a sub-G1 peak in treated cells (B: 50 sc, C: 100 sc, D: 25sc + rad, E: 50 sc + rad) compared with untreated cells (A) suggesting loss of membrane integrity involved in its toxicity (Figure 2) . Advent of orange color revealed apoptosis in the response of treatment with sea cucumber extract and gamma radiation. Results exhibited that sea cucumber extract induced cervical cancer cell radiation sensitivity and apoptosis in a dose dependent manner (A: control, B: 50 sc, C: 100 sc, D: 25 sc + rad, E: 50 sc + rad) (Figure 3 ).
Discussion
In this study, we investigated the cytotoxic effect of sea cucumber H. leucospilota and its concomitant effect with gamma radiation against cervical cancer cells. According to the figures 2 and 3; apoptosis induction in HeLa cells were observed after treatment with IC 50 concentration of sea cucumber extract (50 µg/mL) and with radiotherapy (25 µg/mL + 2 Gy gamma radiations). In PI flow cytometry analysis sub G1 peak in flow cytometrical histogram have been indicated DNA fragmentation and loss of membrane integrity that was established by detection of sub-G1 peak under treatment with 50 and 100 µg/mL sea cucumber extract and 25 and 50 µg/mL sea cucumber extract in combination with radiotherapy. Moreover, our results exhibited that sea cucumber extract concurrently with 2 Gy gamma radiation induced apoptosis that was displayed by appearance of yellow, orange color in AO/PI staining suggesting involvement of apoptotic cell death in combination treatment toxicity so that induction of apoptosis can be profit in treatment of cervical cancer and avoid of recurrence. Since, cervical cancer cells have developed various mechanisms to drug resistance and evasion of apoptosis, therapeutic methods that utilized from natural occurring agents can overwhelm to these complications with modulation of apoptosis [12] . Natural compounds act as chemo preventive leads to suppress tumorogenesis and overcome to cancer resistance against conventional treatment options [13] . Hence, the identification of natural derived compounds has progressively attributed to improve patients survival rate [14] . Several features candidate natural constituent application such as suppression of cell growth, regulation of cell cycle and induction of apoptosis in cancer research [15] . Marine biodiversity is extraordinary source for assessment of numerous anticancer drugs and health beneficial ingredients derived from marine invertebrate provide unique structural diversity for development of pharmaceutical researches [16] . Different bioactive metabolites have recognized from sea cucumbers with anti proliferative potentials [17] . The presence of triterpenoid glycosides, sulfated polysaccharide, and cerebrosides in sea cucumber body wall confer biological potency to sea cucumbers that is responsible for biomedical applications particularly in oncology [10] . Previous investigations proved anti cancer activity of sea cucumber whole extract and its constituents [11] . Ogushi et al. reported the aqueous extract of sea cucumber displayed cytostatic effect on human colon adenocarcinoma Caco-2 cells and revealed anti growth effect as concentration dependent manner [18] . The conducted study by Althunibat et al. demonstrated the antiproliferative and antioxidant effects of sea cucumber species of Holothuria scabra, H. leucospilota and Stichopus chloronotus so that all organic extract of sea cucumber indicated cytotoxic potential against A549 and C33A cancer cells [19] . In other survey, Althunibat et al. were examined the cytotoxic and antioxidant effect of two sea cucumber aqueous and organic extract and showed that that both extracts revealed antioxidant effect but the organic extract of Stichopus horrens indicate highest growth inhibitory activity which candidate them as therapeutic Zahedan J Res Med Sci. 2016; 18(4):e6442.
3 natural resources in cancer researches [20] . Cytotoxic effects of sea cucumber have been also indicated in various cell lines but its growth inhibitory effect on cervical cancer cells have not been investigated.
To assess the anti proliferative effect of sea cucumber whole extract on cervical cancer cells, the cells were exposed to serial concentration of sea cucumber for 24 hours, and cell cytotoxicity was determined by MTT assay. Our findings confirmed that sea cucumber has anti cervical cancer activities and induced apoptosis in a dose dependent manner. Our results emphasized that sea cucumber has cytotoxic and anti-carcinogenic activities against cervical cancer. According to the figures1; cell survival in HeLa cells was reduced after exposure to sea cucumber in a dose dependent manner, so that 50 µg/mL of sea cucumber extract and 25 µg/mL + 2 Gy gamma radiations were considered IC 50 value. Co administration of chemotherapeutic agents with radiation therapy has been studied [21] . Kaneyasu et al. studied the concomitant effect of cisplatin with radiotherapy on cervical cancer and indicated that combination therapy of drug and radiation remarkably improved the in vitro radio sensitivity of cervical cancer cells [22] . Schmid et al. examined the effects of radiation with or without chemotherapy on cervical cancer. They reported that the drug increased the response of these cells to radiotherapy and reducing cisplatin exposure enhances distance metastasis [23] . In another study accomplished by Petrelli platinum based chemotherapy plus radiotherapy restores cervical cancer cells sensitivity and effectively postpone recurrence of cervical cancer [21] . Since no publication is documented on the synergistic effects of sea cucumber with radiotherapy related to cervical cancer treatment, in this study we evaluated the cytotoxic combination treatment of sea cucumber with radiation on HeLa cells and confirmed that simultaneously application of sea cucumber extract and radiation enhanced HeLa apoptosis cell death. In conclusion, this study is the first preliminary study demonstrated the cytotoxic effects of sea cucumber organic extract through apoptosis induction and clearly indicated the synergistic effect of sea cucumber organic extract with radiotherapy administrated more toxicity on HeLa cancer cells through recruitment of apoptosis cell death. Therefore, the combination therapy of sea cucumber extract and radiotherapy can be considered as adjunct in cervical cancer treatment in future. Finally, we suggest further evaluation of apoptosis underlied mechanisms to increase effectiveness of this combinational treatment.
